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ABSTRACT 


The  inheritance  of  resistance  to  two  distinct  races 
of  loose  smut,  “Tr**1  and  “Ts*1*  was  studied  in  several  crosses 
and  backcrosses  involving  barley  varieties  Jet  and  Titan  as 
resistant  parents*  Both  Jet  and  Titan  are  resistant  to  race 
Tr*,  but  Titan  is  susceptible  to  Ts* 

Classification  of  Fg  plants,  based  on  the  behavior 
of  their  progenies  in  Pg  rows  and  the  Fg  progeny  tests  of 
backcrossed  plants  formed  the  basis  for  the  genetical  analysis 
Averages  of  80  lines  in  the  F-^  and  180  lines  in  the  Pg  gener¬ 
ations  were  used*  A  single  dominant  gene  ?/as  found  to  govern 
the  resistance  of  Jet  and  Titan  to  race  Tr„  The  resistance 
of  Jet  to  Ts*  was  conditioned  by  an  additional  gene  which 
has  the  supplementary  capacity  of  increasing  resistance  to 
Tr*  Resistance  was  found  to  be  determined  by  the  genetic 
constitution  of  the  developing  embryo  rather  than  that  of 
the  surrounding  floral  tissue* 
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INHERITANCE  OP  RESISTANCE  TO  LOOSE  SMUT, 

i 

USTILAGO  NUDA,  IN  BARLEY 


William  P*  Skoropad 


INTRODUCTION 


Loose  smut  of  barley  is  caused  by  Ustilago  nuda 
(Jens®)  Rostr*,  a  floral  infecting  fungus  which  produces  a 
deep  internal  infection  of  the  seed®  The  disease  causes  re¬ 
ductions  in  yield  approximately  equivalent  to  the  percentage 
of  smutted  plants  (11)#  A  modified  hot -water  treatment  (l) 
for  destroying  the  dormant  mycelium  of  Ustilago  nuda  is 
difficult  to  apply  and  even  under  carefully  controlled  con¬ 
ditions,  may  cause  some  damage*  Schafer  and  Hansing  (9)  re¬ 
ported  that  variety,  season  and  location  influenced  the 
amount  of  injury  to  barley  seed  treated  by  this  method* 

These  factors  complicate  the  practical  control  of  loose  smut 
In  susceptible  varieties  of  barley*  Breeding  and  distribut¬ 
ing  resistant  varieties,  therefore,  offers  the  best  means  of 
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An  understanding  of  how  resistance  is  inherited  is 
important  in  a  breeding  program  of  this  nature®  Resistance 
controlled  by  a  single  gene  is  more  readily  utilized  than  that 
of  a  complex  nature# 

In  a  series  of  crosses  Zeiner  (14)  found  indications 
that  single  genes  conditioned  immunity,  resistance,  and  mo¬ 
derate  susceptibility#  Resistance  appeared  to  be  dominant 
over  susceptibility#  Livingston  (2)  reported  the  presence 
of  a  single  dominant  factor  for  resistance  in  Trebi  and  in  a 
selection  of  Hordeum  deficiens *  Schaller  (10)  confirmed 
Livingston *s  findings  concerning  Trebi  and  demonstrated  single 
gene  resistance  in  varieties  Jet,  Dorsett  and  selection 
X17 3-10-5 -6-1#  In  keeping  with  the  recommendations  of 
Robertson,  Wiebe  and  Shan d 3  (4),  he  suggested  the  symbols 
Un3,  Un4,  and  Ung  for  genes  In  Jet,  Dor sett  and  selection 
X17 3-1 0-5 -6-1,  respectively#  He  also  found  the  Trebi  gene  to 
be  independent  of  the  Jet  and  Dor sett  genes# 

Until  1946,  barley  breeders  at  the  University  of 
Alberta  used  the  ^itan  variety  extensively  as  a  resistant 
parent  in  their  breeding  program#  In  that  year  a  higher  in¬ 
fection  rate  was  observed  in  Titan  and  has  subsequently  in¬ 
creased  to  a  point  where  the  variety  must  be  classed  as  sus¬ 
ceptible#  This  change  in  resistance  of  Titan  to  loose  smut 
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suggested  the  appearance  of  a  new  race  of  Ustilago  nuda* 

Physiological  specialization  has  been  shown  to  occur 
within  the  loose  smut  organism  (5,  6,  8,  15),  making  it 
desirable  to  have  more  than  one  available  source  of  resistance© 
Rodenhiser  (6)  reported  twelve  physiologic  forms  of  Ustllago 
nuda*  Thren  (13)  stated  that  the  chi amydo spores  of  bstilago 
nuda  usually  germinate  so  that  nuclear  pairing  takes  place 
in  the  promycelial  stag©  and  therefor©  this  almost  complete 
elimination  of  a  haploid  phase  reduces  the  chance  of  out- 
crossing  and  is  correlated  with  the  low  degree  of  variability, 
the  low  mutation  frequency  and  the  few  races  of  this  species* 


OBJECTIVES 


The  objective  of  this  project  is  to  determine  the 
mode  of  inheritance  of  resistance  to:  (a)  the  original  race 
of  loose  smut  to  which  Titan  is  resistant,  and  (b)  the  new 
race  to  which  Titan  is  susceptible « 

This  paper  deals  with  the  genetics  of  resistance  to 
two  different  races  of  loose  smut  in  two  varieties  of  barley* 
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Varieties  were  selected  which  differed  in  their  level  of 
resistance  to  the  new  and  the  old  race  of  loose  smut* 


MATERIAL  AND  METHODS 


Since  two  different  races  of  loose  smut  were  involved 
in  this  project  it  was  necessary  to  differentiate  them  by  some 
simple  method®  The  new  race  has  not  been  named  yet  and 
therefore  in  this  paper  the  following  designations  are  used: 

Tr  for  the  race  to  ‘which  Titan  is  resistant  and  Ts  for  the 
race  to  which  Titan  is  susceptible* 

Hybrid  populations  from  crosses  of  the  various  com¬ 
binations  of  Jet,  Montcalm,  Sanalta  and  Titan  were  used  in 
this  investigation*  The  reaction  of  these  varieties  to  the 
Tr  and  Ts  races  of  loose  smut  are  shown  in  Tables  I  and  II 
re spectively* 
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Table  I 

Reactions  of  parental  varieties  when  inoculated 
artificially  with  Ustilago  nuda*  race  Tr* 


Variety 

Tests* 

Range  of  infection 

Average  infection 

Number 

per  ‘cent'"' 

per  cent 

Jet 

108 

0 

0*00 

Montcalm 

117 

55  «  80 

68*32 

Sanalta 

98 

65-4.  90 

82*56 

Titan 

130 

0  -  4*5 

1*11 

*  A  test  denotes  the  progenies  from  three  inoculated 
heads* 


Table  II 

Reactions  of  parental  varieties  when  inoculated 
artificially  with  Ustilago  nuda*  race  Ts* 


Variety 

Tests* 

Rang©  of  infection 

Average  infection 

Number 

per  cent 

“percent  “ 

Jet 

95 

0 

0*00 

Montcalm 

85 

65  -  85 

78*00 

Sanalta 

92 

70  »  95 

92*76 

Titan 

173 

25  -  50 

45*38 

*  A  test  denotes  the  progeny  from  three  inoculated 
heads* 
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Jet,  in  which  no  smutted  plants  have  been  found,  is 
a  black,  naked -kerne led,  2 -rowed  variety  of  Abyssinian  origin* 
It  is  of  no  commercial  importance  in  Canada  but  is  valuable 
as  a  source  of  resistance  in  breeding  programs  designed  to 
develop  varieties  resistant  to  loose  smut* 

Titan  is  a  white,  6 -rowed,  smooth-awned  variety® 

It  is  very  strong  st rawed  and  strong  necked  and  is  an  im¬ 
portant  feed  barley  In  Alberta®  ^t  was  developed  by  the 
University  of  Alberta  from  a  Trebi  x  G-labron  cross®  ^t  is 
highly  resistant  to  Ustilago  rmda,  race  Tr .  but  susceptible 
to  Ustilago  rmda,  race  Ts® 

Montcalm  is  a  white,  6 -rowed,  semi-smooth  variety® 

It  was  developed  from  a  cross  (Michigan  31604  x  Common  Six- 
Rowed  4307  M.Co)  x  Manscheuri  1807  M*C* 

The  Michigan  31604  parent  is  a  black,  smooth-awned 
variety,  while  the  other  two  parents  are  of  the  Manchuria 
type®  It  was  produced  at  Macdonald  College,  Quebec,  and  re¬ 
leased  in  1945®  Montcalm  is  the  standard  of  malting  barley 
in  Canada®  It  is  susceptible  to  both  races  of  loose  smut® 

Sanalta  is  a  white,  smooth-awned,  two-rowed  variety® 
It  came  from  a  cross  Smooth  Awn  x  Duckbill  and  was  produced 
at  Idle  University  of  Alberta,  Edmonton,  Alberta®  It  was  re¬ 
leased  in  1940®  Sanalta  is  grown  in  small  areas  scattered 
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throughout  Canada,  be  coining  popular  in  Manitoba  and  Alberta® 

It  is  highly  susceptible  to  both  races  of  loose  smut* 

The  "hypodermic"  method  of  inoculation  as  described 
by  Poehlman  (3)  was  used  throughout  this  investigation*  A 
rubber  bulb  containing  an  aqueous  suspension  of  about  three 
per  cent  by  volume  of  chi amydo spores  of  UstilagO  nuda  was 
attached  to  a  hypodermic  needle  (20  gauge)*  The  two  lower 
and  the  two  top  florets  of  a  barley  head  were  removed  ?/ith 
forceps  because  they  were  generally  found  to  be  late  in 
maturing*  The  awns  were  clipped  to  facilitate  the  operation 
of  the  needle*  A  drop  of  this  chi amydo  spore  suspension  was 
injected  into  each  floret  by  piercing  the  lemma  with  the 
needle  and  squeezing  the  bulb  slightly*  Under  greenhouse 
conditions  th©  only  modification  in  the  technique  was  that 
the  excess  water  was  sucked  back  from  the  floret  Into  the 
rubber  bulb© 

Inoculations  were  made  at  a  stage  between  pollen 
dehiscence  to  shortly  after  fertilization*  Other  workers  (2, 
10,  12,  7)  found  this  to  be  the  period  at  which  the  ovary  Is 
most  susceptible  to  infection*  The  plants  from  the  Inoculated 
seed  were  grown  mostly  in  the  field*  There  was  no  difference 
in  the  rate  of  infection  of  plants  by  loose  smut  when  the  field 
grown  plants  were  compared  with  those  grown  in  the  greenhouse* 
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The  supply  of  inoculum  of  the  Ts*  race  was  built  up 
and  maintained  on  Titan  while  the  Tr*  race  inoculum  was  main¬ 
tained  on  Montcalm*  The  identity  of  each  race  of  smut  was 
frequently  checked  by  its  reaction  on  Titan*  The  inoculated 
seed  was  treated  with  organic  mercuric  dust  before  planting 
to  reduce  seedling  loss  and  increase  vigor* 

Hybrid  material  was  tested  in  F^*  Fg*  Fg  and  back- 
cross  generations*  The  Fg  generation  does  not  permit  a  satis¬ 
factory  genet! cal  analysis  since  there  is  likely  to  be  a 
preponderance  of  resistant  plants  possibly  due  to  the  lethal 
effects  of  infection  (14)  and  the  failure  to  obtain  a  pheno¬ 
typic  expression  of  all  genetically  susceptible  plants* 
Classification  of  Fg  plants*  based  on  the  behaviour  of  their 
progenies  in  Fg  rows*  and  the  Fg  progeny  tests  of  backcrossed 
plants  formed  the  basis  for  the  genetical  interpretation  of 
the  genes  involved* 

The  reaction  of  the  F^  generation  was  obtained  by 
inoculating  the  flowers  of  the  female  parent  one  day  after 
the  introduction  of  the  pollen  from  the  male  parent  and  then 
growing  the  plants  from  the  Inoculated  seeds* 

Tests  on  Fg  lines  were  made  by  inoculating  the  flowers 
of  two  heads  of  Fg  plants  taken  at  random  from  a  disease-free 
Fg  nursery*  The  two  heads  from  each  plant  were  grown  separately 


’ 

-  f  :  ■'  -'0  V 

no  .bo Cilobobo  ■  box;- 

;  bjro.-;  ’  ■  ■  -  •  •  i  ■■ 

* '  ■  b  :o  b  /.  •;  ‘ 

b  boX  J :  b  #  v  :  .  ’  0o  -  • ;  j 

-  booioooo  o;brf  ;  )rjr  ^ 

'  ■  : 

'  b  \  '  . 

+ '  . 


to  t  r  •  b  ,  b  -‘..Vi. 

. 

*  b  '  '•  bb  "o.:  r  '  ■  c  b  ■  ••  -  , :: . 

^  -O' 

o  oo  Ou'  \--'i o:dl±  zf.  socod’b  oo tt£B  oi;vor:o 

b  a  \  b  >  1  t  . ;  iX  d  f  il 

**  -  id.do  od  ■  i  Xj  , 

■  e!  do  ■  '  c  a  cl  .  . 

*  '  ■  f 

'•  >  j  3  •  r  .  .  - 

■  -  -  -  t  !  ■ 

•  b:o  no  be!-.  v:o  boron  orC 

be  a  a  o^oilo  b 

o  .  , 

■  - 

bo  /:  b.  ob  c-xo-xob  ■  or  lo o ;r  ••or o  r.  o  r'b  o ob  •;,»  b-  r 

ib  or  b'nt'io'l  :,iv  •  obq 

4S>  ‘b  ■  ■  '  '  '  •  •  .  ,  • 

'  or.  o'  *  -  ;  .  ■■  ^ 

•bboo-o ;  ;;b:b 

'■  ‘  '  i  1  fcj  .  0  5  r  .  0 


s-*-° .J'Ooo;  :•  or  oo  ora  ■  or;!  rforoo  .'obbo  r  o.b-.f 

b  o  a*  o  j:  b  c  j  r  bo  * o  b  n  J:  oil  b 

*  ■  '  '  o'  OOo..'  •  :  -0 

8 boo J-r  oib"  ‘  .a.bv  'orr r 

r  1  ■  .  _  ■  j  *1  ■ 

r-o  a  boob' 

*"•’•■•-  •  rb  ■  c  o .  ■  :.o-  :  -  “  ■ , ;  •.  _r 

;V:-  bo  s-ba  ob  <oo;t  bo 

, 

if  ,  ,  - 


-  9  - 


and  the  average  infection  was  used  in  determining  the  reaction 
of  the  Fg  plant#  Parental  checks  were  grown  at  regular  inter¬ 
vals# 

The  material  from  the  backcross  was  handled  in  a 
similar  manner;  i#e#,  flowers  on  two  heads  of  each  backcross 
F^  plant  were  inoculated# 

k  single  smutted  tiller  in  a  plant  was  sufficient 
to  classify  it  as  susceptible#  The  total  number  of  plants 
and  the  number  of  smutted  plants  were  recorded  and  the  per¬ 
centage  of  smut  calctilated# 

In  the  genetic  analysis,  probability  (P)  values  were 

2 

calculated  for  each  hypothesized  ratio  by  the  X  test  of 
goodness  of  fit# 
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EXPERIMENTAL  RESULTS 


I*  SMUT  INFECTION  IN  THE  Px 


1*  Inoculation  With  Race  Tr* 


In  order  to  expose  the  progeny  of  a  hybrid  barley 
plant  to  infection  by  Ustilago  nuda»  the  he^ds  were  inoculated 
at  flowering  time*  Th©  tissues  through  which  the  infecting 
hyphae  must  penetrate  to  the  ovary  are  those  of  the  parent 
plant,  which  may  differ  genetically  from  those  of  the  embryo 
to  b©  tested  for  susceptibility*  It  was  necessary,  therefore, 
to  ascertain  whether  the  results  of  inoculation  w ere  influenced 
by  the  parent-plant  tissue  or  by  the  embryo* 

The  smut  reactions  of  the  F^  generation  of  the  var¬ 
ious  crosses  and  their  reciprocals  artificially  inoculated 
with  race  Tr*  are  shown  in  Table  III* 
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Table  III 


Infection  of  barley  hybrids  inoculated  with  race  Tr* 


Total 

Infected 

Plants 

Hyb rid 

plants 

Number 

Number 

Per  cent 

Sanalta  x  Jet 

55 

0 

0*00 

Jet  x  Sanalta 

42 

0 

0*00 

Sanalta  x  Titan 

84 

2 

2*38 

Titan  x  Sanalta 

106 

2 

lo89 

Montcalm  x  Jet 

163 

0 

0*00 

Jet  x  Montcalm 

87 

0 

0*00 

Montcalm  x  Titan 

93 

1 

1*08 

Titan  x  Montcalm 

84 

0 

0*00 

Titan  x  Jet 

55 

0 

0*00 

The  amount  of  infection  for  reciprocal  crosses  was 
the  same  indicating  that  using  any  variety  as  a  male  or  female 
parent  had  no  different  influence  on  the  amount  of  infection 
by  the  loose  smut  organism* 

The  absence  of  infection  in  the  generation  of  all 
crosses  involving  Jet  must  be  attributed  to  the  heterozygous 
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embryo,  as  the  floral  tissue  of  the  female  parents,  Sanalta 

and  Montcalm  was  susceptible© 

The  2*14  per  cent  average  smut  infection  in  the  F^ 

of  Sanalta  x  Titan  and  its  reciprocal  is  only  slightly  higher 

than  the  smut  infection  of  the  resistant  parent  Titan  (Table  I)© 

This  is  probably  due  to  the  small  number  of  plants  used  and, 

therefore,  it  may  be  considered  that  Titan  exercised  its  full 

resistance  in  the  F^  hybrids  involving  Sanalta©  hybrids 

were 

of  which  Montcalm  and  Titan.  parents  gave  an  average  in¬ 
fection  of  0©54  per  cent  and  this  rate,  too,  is  in  fairly 
good  agreement  with  the  infection  range  of  Titan  (Table  I)© 
Combining  the  infection  rates  of  Titan  with  Montcalm  and 
Sanalta  as  well  as  their  reciprocals,  an  average  infection 
rate  of  1*54  per  cent  which  is  in  very  good  conformity  with 
the  percentage  of  smut  in  Titan* 

Resistance  to  infection  by  Tr©  must,  therefore,  be 
determined  by  the  genetic  constitution  of  the  developing 
embryo  rather  than  that  of  the  surrounding  floral  tissue* 


2*  Inoculation  with  Race  Ts© 

The  smut  reactions  of  the  F^  generation  of  the  var¬ 
ious  crosses  and  their  reciprocals  artificially  inoculated  with 
Ustilago  nuda  race  Ts©  are  shown  in  Table  IV© 


o  r 


*■  '  '  *  r  '  i 1  :  t  ■  ■ 

*  •'  '  "  ..  ■ !'  !  1  ; 

~  ■  d  ■■  •  ■  x* 

or{  -v;.V-.K  ...  •>  ,f  '  no  •• cqio  a  v .'»££«  rutfi*  rio 

il  5  \  "  3 i  ■  s  b  f&l  '  '  o  ;■■■  v  ni  iij  ■.  ©j [  :•  a  2 

tDiU3  ■  '  '  ■  X  .Lain  3  d  -;X  .  ■ . 

■  '  ' ;  •  1  h  l  '  %  • 

r  *•  '  r  i  r 

•‘I  - 

4  j 

'  ,  1  '  X  .  r  ■ 

•  (  -  •  O  :  ' 

Is  •  '  '  '  '  '  ' 

v -  y  ■  is'  ,s  -  .  ■  :x  ■  ■  d 

"  '  ■  -  •  "  ;* 

*  XV-  .  .  Vo  )..  ; ‘ ■  ;  o.u:i* 

*  '  ■'  :  u  oil  - 

cxqole  ■  '.  ld\i  J J  ’  ■  C  ■  V  V'  i  -  ■ 

'■*&  '  ■  ^  J  ■<  ^  ll  ■  '  "■  I  {  • :  d  ri  o  '  > 


d  I  * . : 


•  x  ■'  <  i  h  •  -  1  : 

•  "-r’  D  *■  •  V--:'3.coi'x.V.;  :.'X.,jo  o\-  ;V:o  orz  *xj:  £vcn  3  o?,3  oxo  o'r.x 

*  •  1  *  :  1  v.i  r  j'  ’  V  .;  V 


13 


Table  IV 


Infection  of  barley  hybrids  inoculated  with  race  Ts0 


Total 

Infected  Plants 

Hybrid 

plants 
-  Number 

Number 

Per  cent 

Sanalta  x  Jet 

66 

0 

0*00 

Jet  x  Sanalta 

188 

0 

0*00 

Sanalta  x  Titan 

88 

50 

56*82 

Titan  x  Sanalta 

123 

68 

55*28 

Montcalm  x  Jet 

156 

0 

0*00 

Jet  x  Montcalm 

96 

0 

0*00 

Montcalm  x  Titan 

74 

39 

52*70 

Titan  x  Montcalm 

108 

60 

55*56 

Titan  x  Jet 

177 

0 

0*00 

The  amount  of  infection  for  the  reciprocal  crosses 
is  the  same  indicating  that  in  this  respect  Tg*  acted  similarly 
to  Tr*  This  also  confirms  the  fact  that  regardless  of  the 
genetical  nature  of  the  floral  tissue,  the  amount  of  infection 
is  the  same* 
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Also  similar  to  the  reaction  of  the  hybrids  to  Tr* 
is  the  complete  absence  of  infection  in  the  F^  hybrids  having 
Jet  as  one  of  the  parents*  The  resistance  of  Jet  must  be 
completely  dominant  and  hence  exercises  its  influence  to  main¬ 
tain  immunity  to  loose  smut  even  when  in  heterozygous  form* 
Crosses  of  Titan  x  Sanalta  and  its  reciprocal  gave 
an  average  infection  rate  of  56*05  per  cent*  This  rate  is 
somewhat  higher  than  the  average  infection  for  the  more  re¬ 
sistant  parent.  Titan  (Table  II),  but  is  considerably  lower 
than  the  average  infection  for  Sanalta  (Table  II)* 

Crosses  of  ^'itan  x  Montcalm  and  their  reciprocal 
follow  the  same  general  trend  as  the  F^  lines  of  Titan  x 
Sanalta!  i0e*,  the  average  infection  rate  of  54*15  per  cent 
Is  somewhat  higher  than  the  average  for  the  more  resistant 
parent.  Titan  (Table  II ),  but  far  below  the  infection  rate 
for  Montcalm*  It  may  be  suggested  that  Titan  failed  to  keep 
its  progeny  with  Sanalta  and  Montcalm  down  to  its  own  level 
of  resistance  because  of  incomplete  dominance  of  its  gen© 
for  resistance*  There  is  a  possibility,  too,  that  the  popu¬ 
lations  used  in  these  tests  were  too  small  and  that  appre¬ 
ciably  different  results  would  be  obtained  by  increasing 
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In  ^  barley  hybrids  inoculated  with  either  Tr*  or  Ts® 
there  are  strong  indications  that  resistance  to  the  loose  smut 
organism  is  determined  by  the  nature  of  the  embryo,  rather  than 
by  the  resistance  or  susceptibility' of  the  floral  tissues  of 
the  female  parent  on  which  they  are  borne *  This  means  that  in 
F^  plants  the  hyphae  of  the  chi amydo spores  of  Ustilago  nuda 
race  Tr®  or  Ts*  were  able  to  penetrate  tissue  possessing  a 
gene  for  resistance  and  infect  embryos  that  did  not  have  this 
gene®  Similar  results  were  obtained  by  Schaller  (10)  and 
Livingston  ( 2 ) ® 


II ®  INHERITANCE  OF  RESISTANCE 


1*  Observations  in  the  F^ 


The  amount  of  infection  in  F^  hybrids  as  shown  in 

Tables  III  and  IV,  demonstrates  that  resistance  of  Jet  and  of 

Centre  lied  by  & 

Titan  is  dominant  oharaofrcr0  Sine©  in  all 


hybrids  involving  Jet  there  was  not  a  single  smutted  plant. 


4  *  •  r 

'■  %'O.Q,  '  C  J  *  cf.B  f  .  ,j“J JOi  J  ■  :  :  ■.  ■  ; 

’  *  '  '  ■’  ,  t  • 

I  vi  I  £d-  to  $il±d±$  ■  ■  ■  •  :  ■  ■  ■  ■-  ■  - 

•  ‘  ..  ■  /  f  ‘  0  >  .r  ;■*  0‘j_  ;-v  .'J- 

g£ . Mi  K  .  -  ’  -  Jo  , 

.  '  '  I  •  #  <xo  m*t 

:  ■  i  V  ■  ■ 

'  ^  '  •  •  S'-  "  ■  ‘  ’  -  r  ■  .r  .*  '  #  ■ 

«  (  S)  no:;":,/;'  :,C7.L-  . 


I: .  !  '  1  ’■!  .  I 


* 


r  .  :i  tl  1  1  iv*  co'acf  *  _r 


:  an  ..  J-".:'  / ;r±  no  UK o'lnJ:  V.o  chtooo'o  a;fT 

1  ■  "  1  a  o  *  „  ... :  i .  .r 

r  r  .  '•  V,  •  •  UK 

U  1  -  .  ■  ■  -*  :■  •  ;  ■: 

^  or  ..  -."a  o  ,'o  :  o  v..  e<£Qd$  ;l  ■' v  ^aivXov . /  U  . 


/ 


-  16 


it  may  be  concluded  that  resistance  in  Jet  is  completely 
dominant*  In  hybrids  having  Titan  as  one  of  the  parents  and 
inoculated  with  race  Tr.  none  of  the  infection  rates  were 
considerably  higher  than  that  of  the  more  resistant  parent. 
Titan*  While  the  data  are  not  extensive,  there  are  indica¬ 
tions  that  in  this  case  the  resistance  of  Titan  is  also 
completely  dominant*  Hybrid  F^  material  involving  Titan  and 
inoculated  with  race  Ts*  shows  a  tendency  to  a  slightly  higher 
infection  rate  than  Titan  but  considerably  lower  than  the  more 
susceptible  parent  Sanalta  or  Montcalm*  Prom  this  information 
it  may  be  argued  that  although  the  relative  resistance  of 
Titan  is  dominant,  it  is  not  completely  dominant  to  the  Ts* 
inoculum* 


2*  PQ  Data  on  Resistance  to  Race  Tr* 


(a)  Reaction  to  race  Tr* 

Since  two  different  races  of  loose  smut  were  used  in 
this  study  it  will  be  necessary  to  discuss  results  of  each  set 
of  inoculations  separately  and  hence  for  the  Pg  and  F3  gener¬ 
ations  they  are  listed  under  separate  headings* 
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Infection  data  for  the  Fg  generation  are  given  in 

Table  V* 


Table  V 

Infection  of  Fg  barley  hybrids  inoculated  with 
chi amydo spores  of  race  Tr# 


Total 

Infected 

Plants 

Hybrid 

plants 

Number 

Number 

Per  cent 

Sanalta  x  Jet 

282 

10 

3«55 

Jet  x  Sanalta 

214 

12 

5*61 

Total 

496 

22 

4*44 

Montcalm  x  Jet 

444 

19 

4*28 

Jet  x  Montcalm 

245 

8 

5*27 

Total 

689 

27 

3.92 

Sanalta  x  Titan 

424 

44 

10*38 

Titan  x  Sanalta 

157 

21 

13*38 

Total 

581 

65 

11*19 

Montcalm  x  Titan 

226 

19 

8.41 

Titan  x  Montcalm 

204 

15 

7.35 

Titan  x  Jet 

260 

0 

0o00 
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The  amount  of  infection  for  the  reciprocal  crosses 
is  the  same  and  thus  confirms  the  observation  made  in  the 
generation  that  the  embryo  and  not  the  maternal  tissue  is  re¬ 
sponsible  for  resistance  to  loose  smut# 

The  proportion  of  infected  plants  in  reciprocal  crosses 
of  1itan  with  Montcalm  and  1itan  with  Sanalta  (Table  V)  suggests 
a  dihybrid  ratio#  However,  it  must  be  borne  in  mind  that  the 
susceptible  parents,  Montcalm  and  Sanalta,  did  not  develop  100 
per  cent  infection  when  inoculations  were  made  at  different 
periods  and  with  all  possible  precautions# 

In  reciprocal  crosses  of  Jet  with  Sanalta  and  Jet 
with  Montcalm  (Table  V)  there  is  even  a  greater  preponderance 
of  healthy  plants  than  in  crosses  with  Titan#  This  condition 
is  probably  attributable  to  Jet  being  absolutely  resistant  to 
infection  by  Tr#  whereas  Titan  showed  an  average  infection  of 
1#11  per  cent  (Table  I)# 

^t  is  impossible  to  determine  the  genetics  of  resis¬ 
tance  to  loose  smut  from  the  Pg  population  because  each  seed 
rather  than  each  head  serves  as  a  unit  ofconrputation  and  hence 
reductions  in  observable  infected  plants  may  be  quite  drastic 
due  to  reduced  germination  of  infected  seed  (14),  selective 
mortality  of  infected  plants  as  well  as  selective  mortality 
of  flowers  after  inoculation  (2)»  The  main  genetical  inter- 
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pretation  must,  therefore,  come  from  the  F3  and  Fg  backcross 
generations® 

The  hypothesis  that  the  maternal  tissue  offers  no 
obstacle  to  the  penetration  of  the  chlamydospore  hyphae  is 
further  confirmed  by  the  fact  that  the  infection  rate  rises 
considerably  in  the  Fg  generation®  Floral  tissue  in  this 
generation  was  heterozygous  resistant* 


(b)  Inheritance  of  reaction  to  race  Tr«  in  Jet  hybrids* 


Jet  was  immune  while  Sanalta  ?/as  highly  susceptible 

(Table  I)*  when  artificially  inoculated  with  Tr®  l^he  F*j_ 

generation  was  resistant  when  either  variety  was  used  as  a 

female  parent  (Table  III)®  'Fhe  absence  of  infection  in  the 

F^  generation  and  the  low  amount  of  infection  in  the  Fg 

generation  suggested  that  the  resistance  of  Jet  was  trans- 

qe  h  e 

mitted  as  a  dominant  dbaraete-r,  and  that  the  infection  of 
hybrids  depended  on  the  nature  of  the  embryo  rather  than  the 
floral  tissue  of  the  female  plant® 

The  smut  ‘infection  of  204  F3  progenies  of  Sanalta  x 
Jet  by  five  per  cent  classes  is  given  in  Table  VI  and  shown 
graphically  in  Figure  1® 
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The  absence  of  lines  between  32 «5  and  52*5  per  cent 
classes  divided  the  progenies  into  two  groups#  There  were  161 
families  in  the  0  to  32 #5  per  cent  infection  range  and  43  fam¬ 
ilies  in  the  52#5  to  97*5  per  cent  infection  group#  The  pro¬ 
genies  of  these  two  groups  approximate  a  3:1  ratio  which  would 
be  expected  if  a  single  major  gene  for  resistance  were  acting# 

p 

The  X  test  for  goodness  of  fit  to  a  3:1  ratio  gave  a  probability 
of  0*20  to  0#10# 

Jet  is  absolutely  resistant  to  the  chi amydo spores  of 
Tr#  and  therefore  it  may  be  assumed  that  all  Fg  lines  falling 
in  the  0  per  cent  infection  class  must  have  come  from  homo¬ 
zygous  resistant  Fg  plants#  Also  it  is  noted  that  the  F3  lines 
falling  in  the  high  infection  group  (Table  VI)  are  fairly  well 
within  the  range  of  infection  of  the  susceptible  parent,  Sanalta 
(Table  I)  and  therefore  it  may  be  assumed  that  this  Fg  group  was 
produced  from  the  homozygous  recessive  Fg  plants#  The  F3  group 
falling  in  the  1  to  27 #5  per  cent  infection  class  could,  there¬ 
fore,  be  considered  as  coming  from  the  segregating  Fg  lineso 

On  the  above  basis  the  F3  progenies  were  thus  further 
classified  as  highly  resistant,  segregating  and  highly  susceptible# 
^here  were  58  F3  families  containing  no  smutted  plants,  103  F5 
families  showing  an  infection  range  of  1  to  27 #5  per  cent,  and  43 
F3  families  having  over  52#5  per  cent  infection#  If  a  single 

major  gene  in  Jet  were  responsible  for  resistance  then  the  above 
distribution  should  conform  to  a  1:2:1  ratio#  In  testing  the 
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goodness  of  fit  of  these  data  to  the  above  ratio,  a  P  value  of 
0,50  to  0,30  was  obtained.  Thus,  according  to  the  distribution 
of  F3  progenies  of  the  cross  Sanalta  x  Jet,  it  may  be  concluded 
that  the  resistance  of  Jet  is  conditioned  by  a  single  dominant 
gene, 

A  total  of  192  families  inoculated  with  race  Tr,  was 

grown  from  a  smut -free  Fg  nursery  of  the  cross  MQntcalm  x  Jet, 

A  distribution  of  these  F3  families  for  infection  to  loose  smut 

is  given  in  Table  VI  and  graphically  illustrated  in  Figure  2, 

The  small  number  of  lines  in  the  27,5  to  52,5  per  cent  infection 

class  splits  the  progenies  into  two  groups  with  153  families 

showing  less  than  37,5  per  cent  smutted  plants  and  39  families 

with  more  than  37,5  per  cent  infection,  A  distribution  of  this 

kind  suggests  a  3:1  ratio  which  would  be  expected  if  resistance 

of  Jet  to  loose  smut  is  controlled  by  a  single  dominant  genetic 
2 

factor,  AX  test  for  goodness  of  fit  to  a  3:1  ratio  gave  a 
probability  of  0,20  to  0,10,  thus  confirming  the  hypothesis  that 
Jet  carries  a  single  major  gene  for  resistance  to  the  loose  smut 
organism. 

Since  Jet  is  completely  resistant  it  may  be  assumed 
that  all  the  F3  lines  showing  no  infection  at  all  must  have  come 
from  homozygous  resistant  F g  plants,  ^he  break  in  the  infection 
curve  for  the  F^  progenies  of  Montcalm  x  Jet  comes  at  the  37,5 
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per  cent  class#  The  group  of  families  falling  in  the  37«5 
to  72*5  per  cent  infection  class  is  fairly  well  within  the  in¬ 
fection  range  of  the  susceptible  parent,  Montcalm,  and  hence  it 
may  be  assumed  that  these  £3  lines  have  been  grown  from  homo¬ 
zygous  susceptible  F 2  plants#  Families  that  fall  in  the  1  to 
37 05  per  cent  class  may,  therefore,  be  classified  as  arising  from 
heterozygous  Fg  plants# 

In  accordance  with  the  above  classification,  there 
were  55  homozygous  resistant  F^  families,  98  segregating  F3 

families,  and  39  homozygous  susceptible  F^  families*  ihe  above 
distribution  should  conform  to  a  1:2:1  ratio  if  a  single  major 
gene  in  Jet  is  responsible  for  resistance  to  loose  smut#  A  P 
value  of  0o30  to  0*20  was  obtained  for  the  above  ratio  and 
hence  confirms  the  above  statement  concerning  the  gene ti cal 
analysis  of  Jet 1 s  resistance  to  Tr* 

The  F’-j^  plants  backcrossed  to  the  susceptible  parent 
were  grown  without  inoculation  and  the  lines  obtained  were  tested 
for  loose  smut  reaction#  xhe  data  for  Sanalta  x  F^  (Sanalta  x 
Jet)  are  presented  in  Table  VI*  A  complete  break  at  the  32*5 
to  52*5  per  cent  class  divides  idle  progeny  into  two  groups  of 
36  lines  with  less  than  32*5  per  cent  infection  and  48  lines 
with  more  than  52*5  per  cent  infection* 
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The  above  distribution  should  conform  to  a  1:1  ratio 

p 

if  resistance  of  Jet  is  due  to  a  single  major  factor*  A  x 
test  for  goodness  of  fit  to  a  1:1  ratio  gave  a  probability  of 
0*20  to  O.lo  and  hence  agrees  with  the  other  tests  which  showed 
that  Jet*s  resistance  is  due  to  a  single  dominant  gene* 

In  the  above  conclusion  arising  from  the  Fg  back- 
cross  generation  of  Sanalta  x  F  ^(Sanalta  x  Jet)  it  has  been 
assumed  that  the  group  of  36  families  falling  in  the  low  in¬ 
fection  group  came  from  heterozygous  resistant  plants*  Accord¬ 
ing  to  the  above  assumption  this  group  should  have  an  average 
infection  rate  similar  to  the  Fg  generation  of  the  cross 
Sanalta  x  Jet*  The  average  rate  of  infection  was  4.01  per  cent 
and  is,  therefore,  in  good  agreement  with  the  average  infection 
of  the  Fg  generation  of  Sanalta  x  Jet  (Table  III)* 

The  highly  infected  lines  of  this  same  backcross  gener¬ 
ation  are  well  within  the  range  of  infection  of  the  more  sus¬ 
ceptible  parent,  Sanalta  (Table  I)  and  hence  it  is  very  likely 
that  these  families  were  produced  by  homozygous  recessive  plants* 
Data  for  the  Fg  of  the  backcross  generation  of  the 
cross  Montcalm  x  F-±  (Montcalm  x  Jet)  are  given  in  Table  VI* 

A  split  in  these  lines  occurs  in  the  37*5  to  52*5  per  cent 
class  dividing  the  progenies  into  two  groups  of  65  and  51 
families*  A  1:1  ratio  in  the  above  distribution  would  be  ex- 
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pected  if  the  resistance  of  Jet  is  conditioned  by  a  single  gene* 

A  test  of  goodness  of  fit  of  these  data  to  the  1:1  ratio  gave 
a  P  value  of  0*20  to  0*10*  hence  the  assumption  of  a  major  gen© 
for  resistance  in  Jet  is  acceptable*  As  in  the  case  of  the  cross 
Sanalta  x  F]_  (Sanalta  x  Jet)  it  is  possible  to  further  analyze 
the  two  groups  of  families  in  the  Fg  backcross  generations  of 
Montcalm  x  (Montcalm  x  Jet)  (Table  VI)*  The  low  infection 
group  was  assumed  to  have  come  from  segregating  plants  of  the 
Montcalm  x  Jet  hybrid  and  hence  should  have  the  same  average  in¬ 
fection  as  the  Pg  generation  of  Montcalm  x  Jet*  An  infection 
rate  of  4*13  per  cent  for  this  group  is  in  good  agreement  with 
the  average  infection  rate  of  3*92  per  cent  for  the  ^ g  gener¬ 
ation  of  Montcalm  x  Jet* 

The  high  infection  group  of  the  Fg  backcross  gener¬ 
ation  of  Montcalm  x  P^  (Montcalm  x  Jet)  has  been  assumed  to  have 
developed  from  homozygous  susceptible  plants  of  the  hybrid 
Montcalm  x  Jet*  This  group  fits  into  the  infection  range  of  the 
susceptible  parent,  Montcalm  (Table  I)*  Hence  it  is  apparent 
that  the  classification  assumed  for  the  two  groups  in  the 
distribution  of  the  backcross  progeny  (Table  VI)  may  be 
accepted* 
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(c)  Inheritance  of  reaction  to  race  Tr#  in  Titan  hybrids 

The  data  on  the  distribution  of  the  F^  progeny  of  the 
cross  Sanalta  x  Titan  are  given  in  Table  VI  and  graphically  illus¬ 
trated  in  Figure  3#  A  complete  break  in  the  curve  in  the  27*5 
to  37*5  per  cent  infection  range  divides  the  progenies  into 
two  groups  with  150  lines  in  the  low  infection  class  and  66 
lines  in  the  high  infection  class#  This  division  of  the  pro¬ 
genies  into  two  groups  approximates  a  3:1  ratio  which  would  be 

expected  if  resistance  of  Titan  to  the  Tr#  were  conditioned  by  a 

2 

single  dominant  gene#  A  X  test  for  goodness  of  fit  to  a  3:1 
ratio  gave  a  probability  of  0*10  to  0*05  and  hence  indicates 
that  such  a  gene  does  exercise  its  influence  in  Titan# 

An  attempt  to  classify  the  F^  progeny  of  the  cross 
Sanalta  x  Titan  into  homozygous  resistant,  segregating,  and 

homozygous  recessive  gave  a  distribution  which  did  not  conform 

were 

to  the  1:2:1  ratio  that  shotild  exist  if  a  single  gene  re¬ 
sponsible  for  resistance  of  Titan#  This  situation  is  probably 
due  to  Titan  not  being  a  completely  resistant  variety  (Table  I) 
and  is  shown  by  a  reduced  number  of  Fg  lines  in  the  0  per  cent 
infection  class* 
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The  distribution  of  the  F3  progeny  of  the  cross 
Montcalm  x  Titan  is  given  in  Table  VI  and  illustrated  graph- 
ically  in  Figure  4o  The  small  number  of  lines  in  the  32*5  to 
47 *5  per  cent  class  forms  two  groups  with  131  lines  showing 
an  infection  of  0  to  37*5  per  cent  and  35  lines  in  the  42*5 
to  67 *5  per  cent  class*  As  in  the  cross  of  Sanalta  x  Titan 
the  above  distribution  approximates  a  3:1  ratio  and  hence  points 
to  the  presence  of  a  single  major  gene  for  resistance  to  loose 
smut  in  Titan*  The  above  distribution  gave  a  X2  test  for  a 
3:1  ratio  with  a  probability  of  0*30  to  0*20* 

As  in  the  case  of  F5  progeny  of  Sanalta  x  Titan  there 
v/as  no  harmony  with  a  1:2:1  ratio  Y/hen  the  distribution  was 
classified  as  homozygous  resistant  (0  per  cent  infection), 
segregating  (1  to  37*5  per  cent  infection)  and  homozygous  sus¬ 
ceptible  (42*5  to  67*5  per  cent  infection)*  This  is  probably 
due  to  Titan  being  incompletely  although  highly  resistant 
(Table  I)  and  hence  the  0  per  cent  infection  class  Is  low, 

(Table  VI). 

The  data  for  the  distribution  of  the  F^  progeny  of 
the  cross  Titan  x  Montcalm  is  given  in  Table  VI*  ‘^he  small 
number  of  lines  in  the  32*5  to  47*5  per  cent  infection  class 
divides  the  families  into  two  definite  groups*  Of  the  184 
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P3  lines,  142  fall  in  the  0  to  40  per  cent  infection  range,  while 
42  are  in  the  40  to  77 *5  per  cent  range «  This  distribution 
approximates  a  3:1  ratio  which  would  be  the  result  of  Titan 
having  a  single  gene  for  resistance*  In  testing  the  goodness  of 
fit  of  these  data  to  the  1:1  ratio  a  P  value  of  0*50  to  0*30 
was  obtained* 

It  was  also  possible  to  classify  this  F^  distribution 
further*  Since  Titan  is  almost  entirely  resistant  (Table  I) 
to  race  Tr.  the  progeny  falling  in  the  0  per  cent  infection 
class  may  be  considered  to  have  come  from  homozygous  resistant 
Fg  plants*  Plants  in  the  F^  high  infection  group,  40*0  to 
77*5  per  cent,  have  a  distribution  that  fits  closely  the  infection 
range  of  the  susceptible  parent,  Montcalm,  and  therefore,  they 
may  be  assumed  to  have  been  produced  by  homozygous  susceptible 
Fg  plants*  The  group  in  the  1  to  40  per  cent  infection  range 
was  assumed  as  coming  from  segregating  Fg  plants  of  the  cross 
Titan  x  Montcalm*  This  assumption  is  confirmed  by  the  fact  that 
its  average  infection  of  7*03  per  cent  is  in  very  good  agreement 
with  the  average  infection  of  the  Fg  generation  of  the  cross 
Montcalm  x  Titan* 

According  to  the  above  classification  there  were  41 
homozygous  resistant  F^  lines,  100  segregating  F^  lines  and  43 
homozygous  recessive  F^  lines* 
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The  distribution  of  the  F3  progenies  approximates  a 
2 

1:2:1  ratio#  A  X  test  for  goodness  of  fit  to  the  above  ratio 
gave  a  probability  of  0.50  to  0.30  and  strongly  suggests  the 
operation  of  a  single  major  gene  for  resistance  to  loose  smut 
in  Titan. 

The  Titan  x  Montcalm  cross  was  the  only  reciprocal 
cross  carried  through  to  the  F3  generation.  Results  obtained 
from  this  cross  are  in  good  agreement  with  those  obtained  from 
Montcalm  x  Titan  and  therefore  show  that  reaction  of  reciprocal 
crosses  to  infection  by  the  loose  smut  organism  is  the  sane. 

The  data  on  the  distribution  of  64  backcross  progeny 
of  the  cross  Sanalta  x  F^  (Sanalta  x  Titan)  are  given  in  Table 
VI.  A  break  in  the  infection  curve  divides  the  lines  into  two 
groups  with  26  lines  in  the  0  to  32.5  per  cent  infection  range 
and  38  lines  in  the  42.5  to  67.5  per  cent  infection  range.  If 
resistance  of  Titan  is  due  to  a  single  gene,  a  1:1  ratio  would 
be  expected  in  the  above  lines.  A  test  for  goodness  of fit 

to  a  1:1  ratio  gave  a  P  value  of  0.50  to  0.30. 
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So  Fg  Data  on  Resistance  to  Race  Ts* 


(a)  Reaction  to  race  Ts. 


The  data  for  the  infection  of  Fg  hybrids  of  the  various 
crosses  when  inoculated  with  race  Ts«  are  given  in  Table  VII • 

Due  to  reasons  given  previously,  no  attempt  was  made 
to  give  an  analysis  from  the  Fg  population  of  the  number  of 
factors  involved  in  conditioning  resistance  to  race  Ts* 

A  very  good  agreement  existed  in  the  amount  of  in¬ 
fection  observed  in  reciprocal  crosses  of  Jet  with  Sanalta 
and  Montcalm,  as  well  as  reciprocal  crosses  of  Titan  with 
Sanalta  and  Montcalm  and  Titan  with  Jet  (Table  VII)* 

Comparison  of  the  infection  rate  of  Fg  Jet  hybrids 
inoculated  with  Tr*  showed  that  a  consistently  higher  rate  of 
infection  existed  when  the  inoculum  was  Ts*  Jet  has  been  found 
to  be  entirely  resistant  to  both  races  of  loose  smut  (Tables  I 
and  II)  and  therefore,  the  above  results  were  probably  attrib¬ 
uted  to  the  greater  susceptibility  of  Sanalta,  Montcalm  and 
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Infection  of  Fg  "barley  hybrids  inoculated  with 
chi amydo spores  of  race  Ts. 


Total 

Infected 

•plants 

Hybrid 

plants 

Number 

Number 

Per  cent 

Sanalta  x  Jet 

310 

19 

6  #13 

Jet  x  Sanalta 

292 

24 

8.22 

Total 

602 

43 

7.14 

Montcalm  x  Jet 

287 

23 

8.01 

Sanalta  x  Titan 

442 

340 

76.92 

Titan  x  Sanalta 

426 

295 

69.24 

Total 

868 

635 

73.16 

Montcalm  x  Titan 

465 

241 

51.83 

Titan  x  Montcalm 

392 

263 

64.54 

Total 

857 

504 

58.81 

Titan  x  Jet 

284 

10 

3.52 

Jet  x  Titan 

193 

10 

5.13 

Total 

477 

20 

4.19 
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Pg  hybrids  involving  ^itan  and  Sanalta  as  well  as  Titan 
and  Montcalm  present  a  different  picture*  The  average  infection 
of  the  Pg  progenies  of  the  cross  Sanalta  x  Titan  is  73*16  per 
cent  (Table  VII )  which  is  closer  to  the  infection  rate  of 
Sanalta  (Table  II) a  ^itan  appears  to  contribute  only  a 
slight  degree  of  resistance  to  its  hybrids  and  thU3  confirms 
the  statement  made  regarding  the  generation  Involving  Titan 
that  it  probably  carries  only  a  weak  gene  for  resistance® 

The  striking  point  concerning  Titan  is  that  its  re¬ 
sistance  to  Ts*  has  been  lowered  considerably  whereas  Jet  re¬ 
mains  as  Immune  as  it  did  to  Tr*  This  consistency  of  resis¬ 
tance  of  Jet  to  the  two  races  of  loose  smut  and  the  shifting 
of  Titan  from  a  resistant  to  a  susceptible  variety  suggests  that 
different  genes  may  operate  producing  resistance  in  Titan  and  Jet* 
The  reaction  of  the  TV>  reciprocal  crosses  of  iitan 
with  Jet  behave  in  accordance  with  the  other  hybrids  in  that  the 
infection  rate  Is  slightly  higher  than  in  the 


(b)  Inheritance  of  reaction  to  race  Ts*  in  Jet  hybrids* 

Jet  has  maintained  its  immunity  to  race  Ts*  as  well  as 
to  race  Tr*  while  Sanalta  showed  a  higher  susceptibility  to  the 
former  race  of  loose  smut# 
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The  distribution  of  184  F^  progenies  of  the  cross 
Sanalta  x  Jet  is  shown  in  Table  VIII  and  graphically  illus¬ 
trated  in  Figure  1#  The  small  number  of  lines  in  the  52 « 5 
to  62*5  per  cent  infection  range  divides  the  families  into  two 
groups*  There  are  147  F^  lines  in  the  low  infection  group  and 
37  F3  lines  in  the  high  infection  group*  This  distribution 
suggests  a  3:1  ratio  which  would  exist  if  one  major  gene  were 
in  operation*  A  test  for  goodness  of  fit  to  a  3:1  ratio  gave 
a  P  value  of  0*20  to  0,10  and  thus  this  behaviour  of  the  Fg 
progenies  may  be  attributed  to  a  single  gene  for  resistance 
to  Ts*  in  Jet* 

Since  Jet  is  immune  to  infection  it  may  be  concluded 
that  all  Fg  families  without  infection  must  have  come  from  Fg 
plants  that  had  the  same  complement  of  genes  as  Jet,  i*e®,  all 
lines  with  0  per  cent  infection  may  be  classed  as  homozygous 
resistant*  Fg  lines  in  the  high  infection  group  of  the  cross 
Sanalta  x  Jet  are  in  good  agreement  with  the  infection  range  of 
the  susceptible  variety,  Sanalta,  and  therefore,  are  classified 
as  homozygous  susceptible*  Fg  lines  in  the  1  to  52 05  per  cent 
infection  range  may  be  assumed  to  have  been  produced  by  Fg  plants 
having  a  heterozygous  complement  of  genes*  An  average  infection 
of  6*08  per  cent  of  this  F^  group  is  in  good  agreement  with  the 
average  infection  of  the  Fg  generation  of  the  cross  Sanalta 
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Distribution  of  and  backcross  progenies  for  loose  smut  infection  by 
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x  Jet  (Table  VII)  and  thus  justifies  the  classification  of  this 

group  as  the  heterozygous* 

According  to  the  above  classification  there  were  52 

homozygous  resistant  F^  lines,  95  segregating  F^  lines  and  37 

homozygous  susceptible  lines a  This  distribution  indicates  a 

1:2:1  ratio  which  would  be  the  case  if  one  gene  controlled 
2 

resistance*  A  X  test  for  goodness  of  fit  to  the  1:2:1  ratio 
gave  a  probability  of  0*30  to  0*20* 

Data  for  the  F^  distribution  of  the  cross  Montcalm 
x  Jet  is  given  in  Table  VIII  and  graphically  illustrated  in 
Figure  2* 

A  small  number  of  lines  in  the  32*5  to  57*5  per  cent 

infection  class  divides  the  130  F^  progenies  into  two  groups 

which  give  a  satisfactory  3:1  ratio0  There  were  90  lines  in 

the  0  to  42*5  per  cent  infection  range  and  40  lines  in  the  52*5 

2 

to  87*5  range*  AX  test  for  goodness  of  fit  to  the  3:1  ratio 
gave  a  P  value  of  0*20  to  0*10  and  therefore,  it  is  conciuded 
that  Jet  has  a  single  major  gene  for  resistance  to  Ustilago 
nuda  Ts* 

An  attempt  to  classify  further  the  progenies  into 

homozygous  resistant,  segregating,  and  homozygous  susceptible 

2 

lines  failed  to  show  agreement  with  a  1:2:1  ratio  when  the  X 
test  for  goodness  of  fit  was  applied*  This  is  probably  due  to 
the  small  number  of  lines  in  the  population* 
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Data  for  the  distribution  of  the  Fg  backcross  progenies 
of  the  cross  Sanalta  x  P-^  (Sanalta  x  Jet)  are  given  in  Table  VIII* 
There  is  a  long  break  in  the  infection  curve  showing  no  smutted 
lines  in  the  32 *5  to  62*5  per  cent  range*  This  division  into 
tv/o  groups  of  61  lines  and  47  lines  approximates  a  1:1  ratio 
which  would  be  expected  in  this  case  if  a  single  gene  for  re¬ 
sistance  were  present  in  Jet# 

The  low  infection  group  must  have  come  from  a  heter¬ 
ozygous  complement  of  genes  of  Sanalta  and  Jet  and  therefore, 
its  average  infection  should  be  approximately  equal  to  that  of 
the  Fg  generation  of  the  cross  involving  Sanalta  with  Jet  and 
inoculated  with  Ts*  An  average  6o02  per  cent  infection  for 
this  low  infection  backcross  group  is  in  good  agreement  with 
an  average  7*14  per  cent  infection  of  the  Pg*  Sanalta  x 
Jet  cross  (Table  VII)  so  that  classifying  it  as  coming  from 
segregating  plants  is  justified#  The  high  infection  group  of 
the  backcross  progeny  of  Sanalta  x  P^  (Sanalta  x  Jet)  fits 
well  into  the  infection  range  of  the  susceptible  parent, 

Sanalta,  thus  justifying  the  assumption  that  it  was  produced 

2 

by  homozygous  susceptible  plants*  A  X  test  for  goodness  of 
fit  to  a  1:1  ratio  gave  a  probability  of  0*20  to  0.10,  which 
strongly  suggests  the  existence  of  a  single  major  gene  for 


resistance  in  Jet 
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In  the  distribution  of  the  backcross  progenies  of 
Montcalm  x  F^  (Montcalm  x  Jet)  (Table  VIII),  there  was  a 
sharp  dip  in  the  infection  curve  dividing  the  progenies  into 
two  groups.  Of  the  98  backcross  lines  studied,  59  lines  were  in 
the  7.5  to  42.5  infection  class  and  39  lines  were  in  the  52*5 
to  82.5  infection  class.  This  distribution  was  not  in  agree¬ 
ment  wi th  a  1:1  ratio  which  would  be  expected  if  a  single 
dominant  gene  conditioned  the  resistance  of  Jet  to  loose 
smut.  However,  the  distribution  of  the  ^5  progenies  of 
Montcalm  x  Jet  indicated  so  strongly  that  a  single  gene  was 
responsible  for  Jet*s  resistance  that  the  data  on  the  dis¬ 
tribution  of  the  backcross  progenies  of  Montcalm  x  F^  (Mont¬ 
calm  x  Jet)  may  be  considered  as  not  having  been  distributed 
normally. 

The  data  for  the  F^  progeny  of  Titan  x  Jet  are  given 
in  Table  VIII.  Although  the  number  of  lines  is  only  approxi¬ 
mately  half  of  that  used  in  other  hybrids,  the  distribution 
fits  a  3:1  ratio  remarkably  well.  Lines  without  any  infection 
may  be  assumed  to  have  come  from  Fg  plants  that  were  homozygous 
resistant  to  ract  Ts.,  i.e*,  had  the  same  complement  of  genes 
as  Jet  for  resistance.  Fg  lines  falling  in  the  7*5  to  42.5 
infection  group  are  within  the  infection  range  of  the  sus¬ 
ceptible  parent!  Titan  (Table  II). 
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According  to  the  above  classification  there  were  66 
homozygous  resistant  F^  lines  and  18  susceptible  F^  lines* 

In  testing  for  a  goodness  of  fit  to  a  3:1  ratio  a  P  value 
of  0*95  to  0.50  was  obtained©  ^uch  a  ratio  would  be  expected 
if  a  single  major  gene  conditioned  resistance  to  race  Ts*  in 
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GENERAL  DISCUSSION 


The  inheritance  of  resistance  to  the  brown  loose  smut 
of  barley  caused  by  Ustilago  nuda,  was  studied  in  barley  hybrids 
of  Jet  and  of  Titan*  ^he  generation  usually  equalled  or 
approached  the  resistance  of  the  more  resistant  parent *  When 
floral  inoculations  were  mad©  on  plants  heterozygous  for  resis¬ 
tance,  both  resistant  and  susceptible  segregates  were  obtained* 
1his  shows  that  the  floral  tissue  was  not  responsible  for  the 
smut  reaction  of  the  plant*  '^he  seat  of  resistance,  therefore, 
must  lie  in  the  embryo*  The  infection  of  F^  plants  of  reci¬ 
procal  crosses  (Table  IV)  also  suggests  that  the  fungus 
reaches  the  embryo  with  approximately  equal  frequency,  whether 
the  female  parent  is  resistant  or  susceptible* 

The  genetical  analysis  of  Jet  in  this  study  showed 
it  to  be  absolutely  resistant  to  the  Tr*  and  the  Ts*  races  of 
^stilago  nuda*  Th©  heterozygous  plants  were  equally  as  re¬ 
sistant  as  the  parent*  This  high  type  of  resistance  in  Jet 
was  found  in  all  cases  to  be  due  to  a  single  dominant  gene* 
Similar  results  were  observed  by  Schaller  (10)* 

Titan  showed  a  high  but  not  absolute  resistance  to 
race  Tr*  and  this  investigation  showed  that  a  single  dominant 
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gen©  was  responsible*  The  reaction  of  Titan  to  race  Ts*  was 
entirely  different*  resistance  to  this  race  broke  down  to 

the  extent  of  relegating  it  to  the  susceptible  class* 

The  breakdown  of  Titan* s  resistance  to  race  Ts*  and 
the  maintenance  of  Jet*s  complete  resistance  to  this  new  race 
may  suggest  that  the  genes  for  resistance  in  Titan  and  Jet 
were  different*  Schaller  (10)  suggested  that  there  were 
some  indications  that  the  genes  for  Trebi  and  Jet  were  dif¬ 
ferent*  Titan,  derived  from  Trebi,  is  considered  to  have  the 
Trebi  resistance  and  what  is  true  for  Trebi  is  probably  also 
true  for  Titan*  Th©  writer  feels,  however,  that  the  gene  in 
Jet  and  in  'Titan  conditioning  resistance  to  race  Tr«  is  the 
same*  J©t  is  able  to  maintain  its  high  resistance  to  race  Ts* 
probably  due  to  theoperation  of  a  supplementary  gene  which  is 
absent  in  Titan  and  hence  the  difference  in  resistance  to  this 
new  race  of  smut  by  the  above  mentioned  varieties* 

Both  Sanalta  and  Montcalm  showed  a  consistently  higher 
degree  of  susceptibility  when  inoculated  with  Ts*  as  compared 
with  Tr*  In  the  distribution  of  th©  F3  progenies  of  these 
varieties  crossed  with  Jet  or  Titan  there  was  a  definite  shift 
to  a  higher  level  of  infection  of  the  homozygous  susceptible 
Fg  plants  when  race  Tg*  was  used  as  inoculum*  It  is  very 
likely  that  this  condition  prevails  due  to  the  greater  viru¬ 
lence  of  the  new  race  of  smut,  Ustilago  nuda  race  Ts* 
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An  inoculation  method  that  will  give  100  pe  r  cent 
infection  with  Ustilago  nuda  has  not  yet  been  devised 0  How¬ 
ever,  it  was  doubtful  whether  failure  to  secure  this  complete 
infection  was  really  the  fault  of  the  technique#  ^'he  degree 
of  infection  may  be  limited  by  the  penetrance  of  each  part¬ 
icular  variety  and  although  it  is  homozygous  susceptible  the 
average  rate  of  incomplete  infection  will  be  maintained  for 
each# 

Artificial  inoculation  as  outlined  by  Poehlman  (8) 
has  been  used,  but  with  a  slight  modification  when  this  oper¬ 
ation  was  performed  in  the  greenhouse#  Preliminary  tests  showed 
that  there  was  a  great  deal  of  flower  ^mortality  after  in¬ 
oculation#  Injection  of  the  aqueous  suspension  of  chlamydo- 
spores,  followed  by  suction  of  excess  water  from  the  floret, 
resulted  in  a  much  higher  seed  set  than  when  the  floret  was 
left  full  of  water#  Humidity  conditions  in  the  greenhouse 
are  generally  very  high,  and  this  coupled  with  absence  of 
air  currents  resulted  in  a  very  slow  evaporation  of  excess 
water  from  the  florets  resulting  in f  ailure  to  develop# 
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CONCLUSIONS 


The  high  resistance  of  Jet  and  ^itan  to  race  Ti»0 
is  due  to  the  operation  of  a  single  dominant  gene*  The 
existence  of  a  new  race  of  smut  Ts.,  has  been  demonstrated* 
When  artificially  inoculated  with  Ts®  Jet  maintained  its 
immunity  but  ^itan  behaved  as  a  susceptible  variety* 

It  is  probable  that  resistance  to  Tr®  in  Jet  and 
Titan  is  due  to  a  single  main  gene  and  that  Jet  is  able  to 
exercise  its  full  resistance  to  Ts*  because  of  the  pre¬ 
sence  of  a  supplementary  gene,  which  Is  absent  in  Titan* 

A  six-rowed,  whit©  variety  called  An oi diuni  has  been 
shown  to  be  immune  to  both  races  of  loose  smut*  Tt  may  be 
more  practical  to  carry  on  any  further  gene ti cal  work  on  the 
inheritance  of  resistance  to  loose  smut,  bgtilago  nuda,  in 
barley  by  using  this  variety  in  place  of  Jet® 
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